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OBJECTIVES

& Assess methods used to dry foods in U.S.

& Assess survival of Listeria monocytogenes, Escherichia
coli O157:H7, and Salmonella during home-drying foods
with methods recommended by Cooperative Extension.

& Develop effective pre-drying processes and procedures.
& Assess fate of pathogens surviving the drying process.
& Conduct taste panels to assess product acceptability.

& Rewrite extension bulletins on home-drying.

& Publicize and teach new methods, assess adoption of
recommendations.
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OUTCOMES

& Cooperative Extension has traditionally conducted
home food preservation training, but home drying has
not been considered a food safety issue.

& Our work showed that pathogens could survive the
recommended drying processes and that modifications
were needed in home drying methods.

& We developed modifications in drying processes to
achieve consistent and extensive pathogen inactivation.

& We published and disseminated the modifications.

“ INS 15 August 2006 3 "’m@f



OUTCOMES

@ Presentations at Professional Meetings: 43
mIFT: 16
mlAFP: 21
m Other: 6
& Referred Journal Papers: 26
m J. Food Protection: 9
m Food Microbiology: 5
m Int. J. Food Microbiol.: 4
m J. Food Safety: 2
m Appl. Environ. Microbiol.: 1
m Other: 5 (JFS, LAM, LWT, JFQ, FPT)
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OUTCOMES

& Research Reports: 7

& Fact Sheets: 6

& Seminars: 10

& Corresponding Course: 1
& Web Page: 1

& News Releases: 1

& M.S. Graduates: 6

& Ph.D. Graduates: 2

& Postdoctoral Fellows: 6
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OUTCOMES

& Workshops:

m Developed, piloted and now offer a research-based
train-the-trainer program on Safe Food Drying at Home.

m In 2004, the workshop was presented to 6 groups of
extension educators and volunteers (n=75).

m Knowledge and attitude scores regarding safe food
drying methods improved (p<0.05) from pre- to 6-weeks
after workshops.

m Participants also indicated improvements in food
drying practices at the 6-week follow-up.

m The audience targeted was not new to Cooperative
Extension (home food preservers), but the message was.
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OUTCOMES

& Seminars:

m “Improving the Safety of Home Dried Foods —
Research Enhancing Practice,” May 3, 2005, Morgan
County CSU Alumni Banqguet, Fort Morgan, CO, 80
attended.

m “Food Safety Update,” Master Food Preservers training,
April 6, 2004, Larimer County Fairgrounds, Loveland,
CO, 50 attended.

B Food Safety Update and Food Drying Workshop,”
Master Food Preservers Training, April 28, 2004,
Colorado Springs, CO, 45 attended.
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OUTCOMES

®m What’s new In safe home preservation, Master Food
Preservers training, April 3, 2003, Loveland, CO. 50
attended.

B Update on safe home food preservation, Master Food
Preservers training, April 4, 2002, Loveland, CO. 45
attended.

m “Interdisciplinary Studies Program in Food Science and
Safety” Plant Science seminar series, November 13, 2003
— 20 attended.

B “Food Safety Issues,” Guest Lecture for LSCC101, 60
attended.
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OUTCOMES

m “Food Safety Issues for Consumers, Ohio State
University Interactive Video Conference lecture on Food
Safety for Consumers, April 10, 2001.

m “E. coli and the American Diet,” Guest Lecture, PS 492
October 12, 2000 50 attended.

m “Putting Knowledge to Work: Successful Models of
Food Safety Education with High-risk Audiences,”
American Dietetic Association Annual Meeting, October
19, 2000, Denver, CO. 50 attended.
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OUTCOMES

& New guidelines, procedures:

m DiPersio, P.A., Kendall, P.A., and J.N. Sofos. 2004.
Drying foods: dehydrating fruits, vegetables, leathers
and jerkies. Colorado State University Cooperative
Extension Bulletin No. 575A. Colorado State
University, Fort Collins, CO. 20 p.

m Three fact sheets on home food drying are cited and
linked to from the National Home Food Preservations
website maintained at the University of Georgia.
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OUTCOMES

& Regulatory:

m Two of our refereed journal publications have been
cited in the USDAV/FSIS ““Compliance Guideline for
Meat and Poultry Jerky Produced by Small and Very
Small Plants” (December 2004).
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http://www.fsis.usda.gov/PDF/Compliance_Guideline_Jerky.pdf
http://www.fsis.usda.gov/PDF/Compliance_Guideline_Jerky.pdf

OUTCOMES
& Other Outcomes:

m Interdisciplinary Studies Program in Food
Science/Safety

m Certificate program offered at the undergraduate and
graduate level by 7 departments in 3 colleges.

B To date, 26 students have participated in the program.

m Developed a 1-credit seminar in Food Science/Safety
that has been offered three times with 6-8 students
attending each time offered.

m Existing courses (AN460-Meat Safety, AN567-HACCP
Meat Safety, AN660-Issues in Meat Safety) were updated
to include material based on the knowledge generated
through this project.
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OUTCOMES

& Integration:
m The integration aspect of our project was excellent.

m Started

with a needs assessment of all the food drying

recommendations and bulletins offered through
Cooperative Extension in the U.S.

m Systematically evaluated the microbiological efficacy
of home drying treatments for jerky, fruits and vegetables

m Develo
palatable

m Develo

ned modified methods that result in safe and
nroducts.

ned educational materials and training programs

to teach the modified methods to extension agents and
master food preservers

e

Colgrado
Stze,
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J. Food Prot., Vol. 67, No. 7 INACTIVATION OF SALMONELLA ON TOMATOES BY DEHYDRATION 1345

TABLE 1. Recommended preparation, pretreatments, and drying conditions for tomatoes®

Drving Organic acid®

State Peel Blanch Cut or slice Temp ("C)  Time (h) Ascorbict Citnic
Colorado — Yes Slice, 5 1n. thick: cut, 3 . thick — — 1-2% Tk 2% T
California Yes Yes Cut, 3 . thick or in half 60 10-18 — —
Florida — Yes Cut, % slices 60 6-8 — —
Georgia — — — — — 2t —
Idaho — — — — — 5t 5t
Ilino1s — — — — — 4t —
Kansas Yes — Slice, 1 slices 63 10-12 — —
Minnesota — — Slice, crosswise %4 m. thick 60-63 6-8 15t -11a t
Mississippt — — — — — 26T —
Missourt Yes Yes Slice, 34 1. thick, cut in half — 10-18 — —
Montana — — — — — 2t —
New Mexico — — — — — 215 T —
Oregon — — — — — it Bt
Pennsylvania — — — — — BWi-1T 1t
South Carolina — — — — — 2t —
Utah Yes Yes Cut sections about 34 . thick 1 half — — 24 T —
Virginia — — — — — 1T —
Washington — — — — — 15t 15t

@ Information on home fruit dryving compiled from U.S. Cooperative Extension Services. Dash mdicates no recommendation given.
bt teaspoon (4.5 g); T, tablespoon (13.5 g). Solution concentration 1s amount per 1 qt (0.95 liters) of water.
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2246 DIFERSIO ET AL. I. Food Prot., Vol. 66, Mo, 12

TABLE 1. Ascorbic acid, citric acid, and sodium metabisuifite antidarkening solution concenirationsrecommended by U.S. Cooperative
Extension Services for home-dried apples

Recommended conen iper gt of water) of *:

State(s) Ascorbic acid Citric acid Sodinm metahisul fite
Alaska, Florida * e #
California wE i *
Colorado 4-10t ek 1-2T
Georgia, South Carolina 21 ¥ 2T
Idaho, Oregon, Pennsylvania, Washington Vot * 1-31
Mlinois Vat —1Vzt Va1t
Minnesota Yoy ok 1T
Mississippi T R *¥
Missouri, Kansas Vat ok it
Montana 21 * *
New Mexico 2T i 1T
Dh.]':l E ek L3
Virginia I T Hk #&
Utah 26T *E 2T

# Information compiled from 20 sats of U.S. Cooperative Extension Service home fruit-drying recommendations. The Indiana, Nevada,
New Jersey, North Carolina, North Dakota, Rhode Island, and Wyoming Cooperative Extension Services reported that they neither
published nor distributed froit-drving recommendations.

b# recommended without specific concentrations; **, no recommendation given; T, tablespoon (13.5 g of ascorbic acid, 13.5 g of citric
acid, 21 g of sodinm metabisulfite); €. teaspoon (4.5 g of ascorbic acid, 4.9 g of citric acid, 7 g of sodium metabisulfite ).
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Survivors (log CFU/cm?)

Escherichia coli O157:H7 (TSAP) on Beef Jerky Slices

Yoon et al. (2003)

-&- High-Control High-M
High-AM Low-Control

Low-M -- | ow-AM

\ \\ BEEF JERKY
) o :\'o‘—'o'\

Al Oh 4 h 7 h 10 h 10d 20 d 30d 45 d 60 d
Drying (60°C) Time Storage (25°C
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Listeria monocytogenes
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D-Values (h) of Escherichia coli O157:H7,
Salmonella and Listeria monocytogenes (TSAP)

on Beef Jerky Dried at 60°C for 10 h

Escherichia Salmonella Listeria
Treatment ¢0//O157:H7 monocytogenes

NA AA NA AA NA AA
C 22 22 33 20 22 1.8
™ 26 28 28 22 2.2 2.1
MM 15 21 19 13 18 1.2
ATM 16 17 20 14 138 1.3
TATM 16 14 19 13 15 1.3

e
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Time to Inactivate >5 log CFU/cm? of Pathogens on Beef
Jerky Dried at 60°C for 10 h and Stored at 25°C for 60 d

(TSAP; initial inoculum: 7 log CFU/cm?)

Escherichia Salmonella Listeria
Treatment coli O157:H7 monocytogenes

NA AA NA AA NA AA

C 30d 300 60d 30d 15d 30d

™ 30d 30d >60d 15d 15d 15d
MM 15a 150 300 n n n
ATM 15d  10h 30cC /h 7h 7h
TATM 15d  10h 150 7h 7h 7h



Time for Beef Jerky Inoculated After Drying (60°C for 10 h) to
to Reach =5 log CFU/cm? Inactivation During Aerobic Storage
(25°C for 60d) (TSAP; initial inoculum: 7 log CFU/cm?)

E. coli Salmonella Listeria
Treatment __CI57:H7 monocytogene
NA AA NA AA NA s AA

C >60d 42d >60d 60d >60d 60d
™ >60d 42d >60d 60d 60d 60d
MM 28d 14d 60d 28d 28d 28d

ATM 14d 7d 60d 14d 28d 28d
TATM 14d 7d 42d 14d 28d 28d
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J. Food Prot,, Vel. 69, No. 1

FREDICTIVE MODEL FOR DEYING BEEF JEREY

TABLE 1. Parameter estimates (standard deviations) obtained by fitting survival data with the logistic Eamau et al. (13) equation (C,
M) and piecewise linear regression {AM)

Temp ("C) Treatment f a (h 1y b (hyhe
52 C 0818 (0.101) 3778 (0.447) 0.270 (0.118)

M 0.918 (0.066) 2400 (0.807) 0.391 (0.244)
57 C 0.944 (0.079) 2968 (0.710) 0.333 (0.232)

M 0.943 (0.093) 3.103 (0.986) 0.423 (0.192)
63 C 0.987 (0.014) 3.672 (0.991) 0.382 (0.237)

M 0.983 (0.010) 3.562 (1.438) 0.702 (0.092)

(B + B2

Temyp (C) Treatment Bo By (log CFU/em?)ee B4 {log CFU/em?®)e=
52 AM 5483 (0.163) —2.463 (0.350) 2208 (0.503) —0.185
57 AM 5485 (0.163) =2335 (0,177 2426 (0.216) —0.110
63 AM 5.553 (0.079) —2.524 (0.391) 2.750 (0.6533) —0.249

@ Death rate of first phase.

% Death rate of second phase.

¢ Effect of drying temperature (within a column) was not significant (P = 0.03). C, control; M, traditional mannaton; AM, dipping
mio 3% acetic acid, followed by M f first phase of bactenal survival curves; a, b, death rates for the first and second phases of
bactenal survival curves, respectively; B, intercept (imtal bactenal populations); B,, slope of the first phase m bactenal survival
curves; [, differential effect in the slope m the negative direction from the pomt where the slope changes to zero; By + P», slope of
the second phase m bactenal survival curves.

JNS 15 August 2006
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Tahle 2
Mean {500 log {TFLI.’g’ bactenal (SMAC; sorbitol MacConkey Agar, TSA: fryptic soy agar) populations on gala apple sheoes inoculated with E. aofi (3157 HT, exposad to vanous pre
drying treatments and dried at 628 °C (145°F)

Processing Control® Water Aat ca? LI LIF’

steps SMAC  TSA SMAC TSA SMAC  TSA SMAC  TSA SMAC  TSA SMAC  TSA
Following 7TEM04) S0M 05 TEM ) 7™ TEM 04 R0M05) TEM 04 005 TEM 04 R0M0S) TEM 04 80M 08
noculation’

Following 7848 (04) 80 (0.5) 7078 (0.0) 7278 02) 700 0.5 74003 6.7% 04) 695 0.6) 70M (0.4 70 04 66% 07 T 02
pretreaiment

alh

Dehydration (2 h) 7.5 (03) 78003 65™ 03 7.0%% 0.3) 56806 0™ 44% 05 515 0.8 455 04 se®0n 44% 00 49 07
Dchydration (3 h) 7.1% (05) 74 (04) 54 03) 64% 04 355007 43% 09 22% (14) 38™= 09) 3% (1L6) 4554909 27 (0.7) 41%= (0.9
Dehydration (4 h) 545 (19 S (11 28™ 0060 45706 13" 04 0™ 0 060 14500 0™ o 2™ 0 113%™ 03 25% 08
Dehydration (6 b) 535 (1L1) 49509 20™w0n 28™ 04 o™ 0y L™ oe s 02 L™0m os™ om0y ™o 1™

A-F means with different supersenpts within a column are significantly different {P<00.05). a-g means with different superscripts within a row are significantly different (P<10) 03)

' Means represent one sample in each of nine replications (=) {standard deviation ) of log colony-forming units { CFU'g); Lowest detection limit by direct plating=0.5 log CFU'g
(L5D=1.1 log CFL/g).

* Contml, inoculated with no pretreatment.

’ Dipped in stenle water {10 min) before drying.

1 Dipped i ascorbic acid solution {10 min, 2.8%, pH 2.6).

¢ Dipped inocitne ackd solution (10 man, 179, pH 2.2).

§ Dipped in commercial lemon juice wing preservatives {10 man, 50%, pH 2.51

7 Dipped in commercial lemon juice soluton w/preservatives (10 min, 57%%, pH 2.7).

* Following inoculation (30 min immemsion, 25 °C).
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2248 MPERSIO ET AL, 1. Food Prot.. Vol 66, Ma, 12

TABLE 2. Mean bacterial populations on Gala apple slices moculated with Salmonella exposad to various predrving treaiment s, and
dried for & i al 60°C (J40°FF

Mean count {log CFU/g) for each treatrment

Control® Water

Sampling time T5AP BG= XLT4 TS5AFP BGE XLT4
Following inoculation# Tea04) anx THMDMIaax T2l aax TH M4 aax THIDI) anx T2l aax
Following pretreatment

(] ToHMMA abx ToOMNMDabx T2M0Dacx T4 (DD aabxy 77004 aby B8 0.3 A box
After dehvdration for

I.5h T2 acvy 6807 Aacy 590Ma e cx GEMN3 ap by 6604 boxy 5805 Box
After dehydration for

ih 6305 ey 6105 aby 53000Tickbx 6100688 be v 6203 eby 52il.2ye b=
After dehydration for

45h 5408 cecz 4903 ecdy 3503 Dbz 50M04)c ey 4804 cd ¥ 36T chx
After dehydration for

6 h 4804 icey 4903y ey 3004 pbx 4903 coy 47 (0 c ey 32MB8chbh=x

# Means represent counis for two samples in each of three replications (BG5S agar: # = &) or five replications (XLT4 agar and T5AF;
n = 100, Standard deviations are shown in parenthesas. The detection limit was 1.1 log CFW g (L5D, 0.8 log CFUY ). BGS, BG sulfa
agar; XLT4, XLT4 apar; TSAF tryptic sov agar supplemantad with 0. 1% pyruvate. Means with different small capital letters in the
same column are significantly different (7 < 0.05). Means with different lowercase letters (a through d) for the same medium in the
same row are significantly different (# <= 0.05). Means with different lowercase letters (x through z) for the same treatment in the
sdme row are significantly different (7 < 0.05).

b Apple slices were inoculated with no pretreatment for 30 min at 25°C.

¢ Apple slices were immersed in sterile water for 100 min at 25°C.

¢ Apple slices were immersed in a 4.18% sodium metabisulfite solution (pH 4.19) for 10 min at 25°C.

¢ Apple slices were immersed in a 3.40% ascorbic acid solution {pH 2.36) for 10 min at 25°C.

f Apple slices were immersed in a 0.21% citric acid solution (pH 2.48) for 10 min at 25°C.

& 30 min attachment time, 25°C.
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1. Food Prot., Val. 66, No. 12 INACTIVATION OF SALMONELLA IN DRIED APPLES

TABLE 2. Extended

2249

Mean count (log CFUVg) for sach treatment

Sodium metabizalfited Ascorbic acid® Citric acid’

TsAP BGS XLT4 TSAFP BGS XLT4 TSAFP BGE

XLT4

T4 aax T aax 7T200aax THMNdaax 760D aax 72000 aax 7604 aax 7ML Aax
72003 adbz 6306 pay LEOSEax 69020 ashx 6702 pax 6300ebx 67020 epax 6502 pax
6l 03 paby38 04 by 27(04icax S8 (05 pay 5006 cay 4105chx 6204 paby 6105 ekey
S00%cay 4700 cay 28(l2cax 47T 06cay 41illipay 21{l0ipax 5405 paby 48illicay
39@0aipby 3304 oby 1603 eax 25 (10pay 2307 Eay 1402 pax 40illchy 3707 Dy

1303 ohby 30(LDpay LT Eax 2408 pay 22007 Eaxy L5020 pax 3804 chy 3706 Dby

T2l aax

6.3 ebx

4007 chx

27(lpax

LE 4 Eax

LG 05 E ax

m JNS 15 August 2006



Table 2

PA. DiPersio et al. | Food Microbiology 21 (2004) 641-648

647

Mean (logefu/e”) bacterial (PALCAM) populations [SDh) on peach shices moculated with L monocytogenes, exposed 1o various pre-drying
Lreatments, dried for 61 at 60°C (140°F) and stored for up to 14d at 2542°C

Processing steps Controf Water* Sodium metabisulfte’  Ascorbic acid" Citric acid®
Following 7.74Aa (0.09) 7.74Aa (0.09) 7.74Aa (0.09) T74Aa (0.09) 1.74Aa (0.09)
inoculation”
Following 4.828b (0.46) 4.2(Bb (0.36) 2.37Ba (0.89) |.34Ba (0.16) 2.13Ba (0.39)
dehydration' (0d)
Following storage ~~ 3.80Bb (0.56) 266Cab (1.63) 2.14Ba (1.14) |.36Ba (0.09) 2.63Bab (1.64)
14)
Following storage 184 (0.69) 181Ca (084 | 44Ba (0.05) <110 <110
(144)
“JNS 15 August 2006 26 “OURE
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1348 TON ET AL J. Food Prot, Vel 67, o, 7

TAELE 4. Bactferial populafions recoverad on fmypiic sov agar plus 0.1% pyruvate from peeled-unblanched and peeled-blanched Rowa
tomate halves

Maan (51N coumts (log CFUg) by treatooent®

Anabys1s® Control Water Ascorbic acid Citiie acid
Unblanched
After moculation 7.4(0.3) A= TA(03) Az TA4(0.3)a= TA(03) Az
After immersion {0 h) T4(03) Az 6.4 (0.4} BY 6.1 (0.3 By 59(03)BY
Dehydration
4h T1(03) A= G5.2(0.4) BY 3803 ey 804y BCY
£h 3908 Bz 53(03)c=z 4.1 (05 o 44035 oY
12 h 41(1.1)c= 3.5 (0.3) EFY 21 (0T Ex 2507 Pex
14h 3203y cz 3.0(0.9) PeY L7 (05 Ex 2105
Storage
7 days 2803 Dz 22 (0.6) HIZY <13 Fx 1.3 (0.5 BHY
14 days 2.1 {0.3)DE= 22{03)m= =213 FX© L7 {04y Y
21 days 2.1 {0.3)DE= 2202 \m= =213 Fy* =213 Tye
28 days 1.8 (0.3)EZ 2104 1= =<1.3Fv =131
Elanched
After mmoculation T4{01) A= T4 az TA4(01)a= T4 1) Az
After mmmersion (0 k) 7401y A= 6.7 (0.3) BY G204 BY 5.4 (0.4 BY
Dehydration
4h 6.9 (0.4) az 4.6 (0.3) BZY 6.0 (0. T)Bx 6.2 (0.3) Bxv
£h 6.3 (1.0 Bz 5.3 (0.3} BZ S0004cy 5406 Ccy
12 h 4309 cz 420 o=y 2000 T Ex 3TN EY
14h 4103y cz 3.7 (0.6) DEZ =21 5 FX 29(02)FY
Storage
T days 220 ) D= 3.0(02)Pa=z =214 Bt 2.1 (0.6) cHY
14 days 2703 D 28003 Gz =1.4 Fxe 2.0(0.6) GHY
21 days 25303 D= 27(04) gz =213 FX© 1.9(0.6)HY
28 days 2.1 (0.3) DEZY 27(0.4) GHZ =1.3Fa~ 1.7 (0.4) Hx

= Tomato halves were inoculated with a five-strain mixture of Salmonella, exposed to various predrying treatments, dried at §0°C for
14 h, and stored at 25°C for 28 days.

b Weans within a column that lack a commen letter (A through 1) are sigmificantly different (P = 0.053). Means within a row that lack
a commen letter (W through Z) are significantly different (F << 0.03). Ascorbic acid: 3.40%:, pH 2. 48; citric acid: 0.21%, pH 2.31.

¢ Wegative for Salmonella by ennchment.
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FOOD SAFETY EDUCATION

Drying Foods Workshops:
Date Location
4/07/04  Larimer County
4/08/04 Weld County

4/28/04  Colorado Springs
6/02/04 Adams County
7/15/04  Alamosa County
7/30/04  Larimer County
8/06/04  Douglas County

m INS 15 August 2006 28 Mﬁg



OUTCOMES

& Student Training:
m Six Master of Science thesis projects and two PhD dissertations,

trained in food microbiology and food safety education. These

Include:
@ Patricia DiPersio. Summer 2005. Improving the Safety of

Home-Dried Foods through Modification of Treatments and
Educational Programs. PhD Dissertation. (working for the
retail industry)

@ Yohan Yoon. Summer 2003. Inactivating pathogens in
tomatoes and beef jerky. M.S. Thesis (completing PhD)

@ Sumanpriya Lakkakula. Fall 2002. Inactivation of
Escherichia coli O157:H7 During Drying of Apple Slices
Previously Treated with Citric Acid. M.S. Thesis.
(continued for PhD)
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OUTCOMES

@ Patricia DiPersio. Summer 2002. Inactivation of
Salmonella and Listeria monocytogenes during Drying and
Storage of Apple and Peach Slices Treated with Acidic or
Sodium Metabisulfite Solutions. M.S. Thesis. (completed
PhD and now working for the retail industry)

@ Elizabeth Lee Derrickson-Tharrington. Fall 2001.
Evaluation of Common Acidulants for Enhancement of
Destruction of Escherichia coli O157:H7 during Drying of
Gala Apple Slices and Whole Muscle Beef Jerky. M.S.
Thesis. (working for the meat industry)

@ Jennifer Burnham. Spring 2000. Survival of Escherichia
coli O157:H7 During Home-type Drying of Apple Slices.
M.S. Thesis. (working for FDA)
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m The following scientists worked as postdoctoral fellows at
different times during the life of the project (their current
affiliations are shown in parentheses):
@ Samelis, John (Scientist, National Agricultural Research
Foundation of Greece).
@ lkeda, Jack (Scientist, University of Illinois, Urbana-
Champaign).
@ Calicioglu, Mehmet (Faculty member at Firat University in
Turkey).
@ Koutsoumanis, Kostas (Faculty member at the Aristotle
Ubiversity of Thessaloniki, Greece).
@ Geornaras, Gina (Research Associate, Colorado State
University).
@ Skandamis, Panagiotis (Faculty member at Agricultural
University of Athens, Greece).
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& Posters or oral presentations at professional meetings:

m Albright, S.N., J.N. Sofos, and P.A. Kendall. 2000. Survival of
Inoculated Escherichia coli O157:H7 on beef jerky dried at 62.5°C
following four preparation treatments. 87" IAFP Meeting, August
6-9, Atlanta, GA. Abstract No. P025.

m Albright, S.N., P.A. Kendall, and J.N. Sofos. 2000. Sensory
properties of beef jerky processed under various conditions. 60t
IFT Meeting, June 10-14, Dallas, TX. Abstract No. 11-1.

m Albright, S.N., J.N. Sofos, P.A. Kendall, and G.R Schmidt. 2000.
Survival of Escherichia coli in marinated beef jerky dried at two
temperatures. 601 IFT Meeting, June 10-14, Dallas, TX. Abstract
No. 34-4.

m Burnham, J.A., P.A. Kendall, and J.N. Sofos. 2000. Survival of
Escherichia coli O157:H7 on home-dehydrated apple slices. 60th
IFT Meeting, June 10-14, Dallas, TX. Abstract No. 51H-14.
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m Albright, S.N., J.S. Avens, A.S. Morton, B.E. Prewitt, P.A.
Kendall, and , J.N. Sofos. 2000. Destruction of bacteria on chicken
carcasses by steam and boiling water immersion. Food Safety
Objectives: Public Health, HACCP and Science Conference
Abstract Book. Poster No. 33, p. 55.

m Derrickson, E.L., P.A. Kendall, and J.N. Sofos. 2001. Survival
of Escherichia coli O157:H7 on apple slices treated with acidic
solutions. 61st IFT Meeting, June 23-26, New Orleans, LA.
Abstract No. 59E-6.

m Derrickson, E.L., P.A. Kendall, and J.N. Sofos. 2001.
Destruction of Escherichia coli O157:H7 in beef jerky exposed to
acidified marinades before drying. 61st IFT Meeting, June 23-26,
New Orleans, LA. Abstract No. 59E-7.
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m Lakkakula, S., P.A. Kendall, J. Samelis, and J.N. Sofos. 2001.
Destruction of Escherichia coli O157:H7 on apples of different
varieties treated with citric acid before drying. 88th IAFP Meeting,
August 5-8, Minneapolis, MN. Abstract No. PO32.

m Derrickson, E.L., P.A. Kendall, and J.N. Sofos. 2001.
Destruction of Escherichia coli O157:H7 during drying of apple
slices pre-treated with acidic solutions after inoculation. 88th IAFP
Meeting, August 5-8, Minneapolis, MN. Abstract No. PO33.

m Abushelaibi, A.A., J. Samelis, P.A. Kendall, and J.N. Sofos.
2001. Survival and growth of Salmonella in reconstituted infant
cereal hydrated with water, milk or apple juice. 88th IAFP
Meeting, August 5-8, Minneapolis, MN. Abstract No. PO95.
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m Calicioglu, M., J.N. Sofos, J. Samelis, and P.A. Kendall. 2002.
Influence of marinades on survival during storage at 25°C of acid-
adapted and nonadapted Escherichia coli O157:H7 inoculated post-

drying on beef jerky. 62nd IFT Meeting, June 15-19. Anaheim, CA.
Abstrast No. 76B-8.

m DiPersio, P., P.A. Kendall, M. Calicioglu, and J.N. Sofos. 2002.
Destruction of Listeria monocytogenes during drying and storage of
peaches treated with acid or sodium metabisulfite solutions. 62nd
IFT Meeting, June 15-19. Anaheim, CA. Abstrast No. 15D-13.

m Abushelaibi, A., J. Samelis, P. Kendall, and J.N. Sofos. 2002.

Survival and growth of Listeria monocytogenes in stored (4, 15 or
25°C) infant cereals hydrated with water, milk or apple juice. 89th
|AFP Meeting, June 30-July 3, San Diego, CA. Abstract No. P54.
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m Yoon, Y., P.A. Kendall, and J.N. Sofos. 2002. Inactivation of
Salmonella during drying of Roma tomatoes treated with organic

acids. 89th IAFP Meeting, June 30-July 3, San Diego, CA. Abstract
No. P95.

m DiPersio, P., P.A. Kendall, M. Calicioglu, and J.N. Sofos. 2002.
Inactivation of Salmonella during drying and storage of Gala apples
treated with acid or sodium metabisulfite solutions. 89th IAFP
Meeting, June 30-July 3, San Diego, CA. Abstract No. P103.

m Lakkakula, S.P., P.A. Kendall, J. Samelis, and J.N. Sofos. 2002.
Effect of acid adaptation on inactivation of Echerichia coli
O157:H7 during drying of apple slices. 89th IAFP Meeting, June
30-July 3, San Diego, CA. Abstract No. P108.
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m lkeda, J., J.D. Stopforth, P.A. Kendall, and J.N. Sofos. 2002.
Survival of acid-adapted or nonadapted Escherichia coli O157:H7
In apple wounds following chemical treatments and storage of
samples. 89th IAFP Meeting, June 30-July 3, San Diego, CA.
Abstract No. P167.

m Calicioglu, M., J.N. Sofos, J Samelis, and P.A. Kendall. 2002.
Effect of acid adaptation on destruction of Salmonella during drying
(600C) and storage (250C) of beef jerky treated with marinades.
89th IAFP Meeting, June 30-July 3, San Diego, CA. Abstract No.
P180.

m Calicioglu, M., J.N. Sofos, J Samelis and P.A. Kendall. 2002.
Influence of marinades on survival during storage at 25°C of acid-
adapted and nonadapted Listeria monocytogenes and Salmonella
Inoculated post-drying on beef jerky. 89th IAFP Meeting, June 30-
July 3, San Diego, CA. Abstract No. P181.
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m Calicioglu, M, J.N. Sofos, J. Samelis, and P.A. Kendall. 2002.
Inactivation of acid-adapted and nonadapted Escherichia coli
O157:H7 during drying (60°C) and storage (25°C) of beef jerky
strips previously treated with various marinades. 102nd ASM
Meeting, May 19-23, Salt lake City, UT. Abstrast No. P-23.

m Calicioglu, M., J.N. Sofos, J. Samelis, P.A. Kendall. 2002.
Inactivation of acid-adapted and nonadapted Escherichia coli
O157:H7 during drying (60°C) and storage (25°C) of beef jerky
previously treated with marinades. Poster presentation. Cooperative
Extension February In-service, Colorado State University, Fort
Collins, CO, February 27.

m Calicioglu, M. J.N. Sofos, J. Samelis, P.A. Kendall, and G.C.
Smith. 2002. Effect of marinades on survival of acid-adapted and
nonadapted Listeria monocytogenes on beef jerky. 48th Int.
Congress of Meat Science and Technology. Rome, Italy, August 25-
30. Abstract.
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mYoon, Y., P.A. Kendall, G.C. Smith, and J.N. Sofos. 2003.
Influence of inoculum level and acidic marination on inactivation of
Escherichia coli O157:H7 during drying and storage of beef jerky.
90th IAFP Meeting, August 10-13, New Orleans, LA. Abstract No.

P155.

m Koutsoumanis, K.P., P.A. Kendall, and J.N. Sofos. 2003.
Development and evaluation of a mathematical model for the effect
of temperature, pH, NaCl and sodium lactate on the surface growth
limits of Listeria monocytogenes. 90th IAFP Meeting, August 10-
13, New Orleans, LA. Abstract No. P173.

m Koutsoumanis, K.P., P.A. Kendall, and J.N. Sofos. 2003. Effect
of inoculum size on the growth/no growth boundary of Listeria
monocytogenes. 90th IAFP Meeting, August 10-13, New Orleans,
LA. Abstract No. T54.
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m Koutsoumanis, K., P.A. Kendall, and J.N. Sofos. 2003. Acid
tolerance of Listeria monocytogenes as affected by environmental
stresses related to food processing technologies. 63rd IFT Meeting,
July 12-16, Chicago, IL. Abstract No. 29G-1.

m Koutsoumanis, K., P.A. Kendall, and J.N. Sofos. 2003.
Development and evaluation of a growth/no growth interface model
for Salmonella Typhimurium as a function of temperature, water
activity and pH. 63rd IFT Meeting, July 12-16, Chicago, IL.
Abstract No. 76E-5.

m DiPersio, P.A., P.A. Kendall, M. Calicioglu and J.N. Sofos.
2003. Inactivation of Salmonella during drying and storage of Gala
apples treated with acid or sodium metabisulfite solutions. Poster
presentation. Cooperative Extension February In-service, Colorado
State University, Fort Collins, CO, February 26.
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m Koutsoumanis, K.P., Kendall, P.A., Sofos, J.N. 2003. Modeling
liquid and surface growth limits of Listeria monocytogenes as a
function of pH, water activity and temperature. 90th IAFP Meeting,
New Orleans, LA, August 10-13, 2003. Abstract P048.

m Dipersio, P.A., P.A. Kendall, and J.N. Sofos. 2003. Consumer
acceptance of peach quarters and slices treated with antimicrobial
solutions before home-type dehydration. 63rd IFT Meeting, July
12-16, Chicago, IL. Abstract No. 104D-5.

m Sofos, J.N., Y. Yoon, P.A. DiPersio, and P.A. Kendall. 2004.
Inactivation of Salmonella during drying of Nantes carrot slices
treated with blanching or immersion in 3.23% NaCl before drying,
or oven heating after drying. 64th IFT Meeting, July 12-16, Las
Vegas, NV. Abstract No. 114C-8.
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m Skandamis, P.N., Y. Yoon, G.C. Smith, J.N. Sofos, and P.A.
Kendall. 2004. Modeling the effect of marination and temperature
on inactivation of Escherichia coli O157:H7 during drying of beef

jerky. 64th IFT Meeting, July 12-16, Las Vegas, NV. Abstract No.
67E-13.

m Skandamis, P.N., Y. Yoon, J.D. Stopforth, J.N. Sofos, and P.A.
Kendall. 2004. Heat and acid tolerance of Listeria monocytogenes
after exposure to sequential or simultaneous sublethal stresses. 64th
IFT Meeting, July 12-16, Las Vegas, NV. Abstract No. 99D-7.

m Skandamis, P.N., J.D. Stopforth, J.N. Sofos, and P.A. Kendall.
2004. Modeling of the effect of inoculum size and acid adaptation
on growth/no growth interface of Escherichia coli 0157:H7. 64th
IFT Meeting, July 12-16, Las Vegas, NV. Abstract No. 114D-6.
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m DiPersio, P.A., P.A. Kendall, Y. Yoon, and J.N. Sofos. 2004.
Inactivation of Salmonella during drying and storage of Nantes
carrot slices treated with steam, water or acid blanching before
dehydration. 91st IAFP Meeting, August 8-11, Phoenix, AZ.
Abstract No. P217.

m Skandamis, P.N., J.D. Stopforth, L.V. Ashton, |. Geornaras, P.A.
Kendall and J.N. Sofos. 2004. Effect of drying on survival and
acid tolerance of Escherichia coli O157:H7 biofilms formed in beef
decontamination runoff fluids. 91st IAFP Meeting, August 8-11,
Phoenix, AZ. Abstract No. P164.

m Skandamis, P.N., Y. Yoon, J.D. Stopforth, P.A. Kendall, and J.N.
Sofos. 2004. Modeling the effect of aerobic and anaerobic storage
on growth/no growth interface of Listeria monocytogenes as a

function of temperature, sodium lactate, sodium diacetate and NacCl.
91st IAFP Meeting, August 8-11, Phoenix, AZ. Abstract No. P118.
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Kendall, and J.N. Sofos. 2004. Heat and acid tolerance response of
Listeria monocytogenes as affected by sequential exposure to
hurdles during growth. 91st IAFP Meeting, August 8-11, Phoenix,
AZ. Abstract No. P178.

m Yoon, Y., P.N. Skandamis, P.A. Kendall, G.C. Smith, and J.N.
Sofos. 2004. A predictive model to determine the effect of drying
temperature and marination in reducing Listeria monocytogenes
population during drying of beef jerky. 91st IAFP Meeting, August
8-11, Phoenix, AZ. Abstract No. P117.

m Yoon, Y., P. N. Skandamis, P. A. Kendall, G. C. Smith, and J. N.
Sofos. 2005. Modeling the effect of drying temperature and
marination for reducing Salmonella population during drying of
beef jerky. 65th IFT Meeting, July 15-20, New Orleans, LA.
Abstract No. 89E-22.
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m DiPersio, P.A., Kendall, P.A., Sofos, J.N. 2005. Food drying
workshops promote safe home drying. J. Nutrition Educ. Behavior,
Abstract P22. 37[Suppl 1].S57.

m DiPersio, P. A., P. A. Kendall, Y. Yoon, and J. N. Sofos. 2005.
Inactivation of Salmonella during and storage of carrot slices treated
with steam, water or acid blanching before dehydration. 651 IFT
Meeting, July 15-20, New Orleans, LA. Abstract No. 89E-20.

m DiPersio, P. A., P. A. Kendall, Y. Yoon, and J. N. Sofos. 2005.
Influence of blanching treatments on Salmonella during home-type
dehydration and storage of potato slices. 925t IAFP Meeting, August
14-17, Baltimore, MD. Abstract No. P3-23.
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& Referred Journal Papers:
m Burnham, J.A., P.A. Kendall, and J.N. Sofos. 2001. Ascorbic acid
enhances destruction of Escherichia coli O157:H7 during home-type
drying of apple slices. J. Food Prot. 64:1244-1248.
m Albright, S.N., P.A. Kendall, J.S. Avens, and J.N. Sofos. 2002.
Effect of marinade and drying on inactivation of Escherichia coli
O157:H7 on inoculated home dried beef jerky. J. Food Safety 155-
167.
m Calicioglu, M., J.N. Sofos, J. Samelis, P.A. Kendall, and G.C.
Smith. 2002. Inactivation of acid-adapted and nonadapted
Escherichia coli O157:H7 during drying and storage of beef jerky
treated with different marinades. J. Food Prot. 65:1394-1405.
m Calicioglu, M., J.N. Sofos, J. Samelis, P.A. Kendall, and G.C.
Smith. 2002. Destruction of acid- and non-adapted Listeria
monocytogenes during drying and storage of beef jerky. Food
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m Abushelaibi, A.A., J.N. Sofos, J. Samelis, and P.A. Kendall. 2003.
Survival and growth of Salmonella in reconstituted infant cereal
hydrated with water, milk or apple juice and stored at 40C, 150C and
250C. Food Microbiol. 20:17-25.
m Calicioglu, M., J.N. Sofos, and P.A. Kendall. 2003. Fate of acid-
adapted and non-adapted Escherichia coli O157:H7 inoculated post-
drying on beef jerky treated with marinades before drying. Food
Microbiol. 20:169-177.
m Calicioglu, M., J.N. Sofos, P.A. Kendall, and G.C. Smith. 2003.
Effects of acid adaptation and modified marinades on survival of
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Food Prot. 66:396-402.
m Calicioglu, M., J.N. Sofos, and P.A. Kendall. 2003. Influence of
marinades on survival during storage of acid-adapted and nonadapted
Listeria monocytogenes inoculated post-processing on beef jerky. Int.
J. Food Microbiol. 86:283-292.
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Behavior of Listeria monocytogenes in reconstituted infant cereals. J.
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m DiPersio, P.A., Kendall, P.A., Sofos, J.N. 2006. Sensory
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m \We developed several research reports, fact sheets, newsletter
articles, columns, one bulletin and one correspondence course during
the project. These include:

@ DiPersio, P.A., Kendall, P.A., and Sofos, J.N. 2004. Drying
foods: dehydrating fruits, vegetables, leathers and jerkies.
Colorado State University Cooperative Extension Bulletin No.
575A. Colorado State University, Fort Collins, CO. 20 p.

@ Kendall, P.A., DiPersio, P.A., and Sofos, J.N. Drying
vegetables. 2004. CSU Cooperative Extension Fact Sheet No.
9.308. Colorado State University, Fort Collins, CO.

@ Kendall, P. and Sofos, J.N. 2003. Leathers and jerkies--dried
food specialties. 2003. Food and Nutrition Series Fact Sheet
#9.311, CSU Cooperative Extension, Fort Collins, CO.
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@ Kendall, P. and Schroeder, M. 2004. Food Preservation
Correspondence Course. Colorado State University, Fort Collins,
CO. Available at

@ “New Home Drying Recommendations,” 2004. SafeFood
News, Summer, 2004 issue. Available at:

@ Kendall, P. 2003. Bacterial Foodborne IlIness. Colorado State
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Colorado State University, Fort Collins, CO.
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News release sent to 22 newspapers in Colorado. Oct 15, 2000.
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Effect of contamination level on death of Escherichia coli
O157:H7 during drying of beef jerky. pp. 15-18. Animal
Sciences Research Report, Department of Animal Sciences,
Colorado State University, Fort Collins, CO.
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